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Abstract
We propose a partial solution to the cosmological constant problem by using the simple observation that a three-brane in a six-
dimensional bulk is flat. A model is presented in which Standard Model vacuum energy is always absorbed by the transverse
space. The latter is a tear-drop like space with a conical singularity, which preserves bulk supersymmetry and gives rise to
conventional macroscopic 4D gravity with no cosmological constant. Its cone acts like a drain depleting vacuum energy from
the three-brane to the tear drop increasing its volume. We stress that although gravity is treated classically, Standard Model
is handled quantum-field theoretically and the model is robust against Standard Model corrections and particular details. The
price paid is the presence of boundaries which are nevertheless physically harmless by appropriate boundary conditions.
 2004 Published by Elsevier B.V. Open access under CC BY license. After so many years of its introduction and so inten-
sive effort to solve it, the cosmological constant prob-
lem remains one of the most provoking and challeng-
ing problems in modern physics. Many attempts have
been initiated with partial or no success as one may
verify from the huge literature on the subject (see [1]
for reviews and references). Among the many propos-
als, the brane-world scenario, according to which our
world is a three-brane floating in a higher-dimensional
bulk, opened up the possibility of reconsidering the
cosmological constant problem on a new basis [2–6].
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Open access under CC BY liceIn this framework, we will present here a new ap-
proach to the problem which is based on the sim-
ple observation that a p-brane, independently of its
tension, in a (p + 3)-bulk is always flat [7]. As a
result, a three-brane in a six-dimensional spacetime
will always be flat for any value of its tension. How-
ever, there exists a restriction: the compactness of the
transverse two-dimensional space, required for the ex-
istence of conventional 4D gravity on the brane, is
achieved for special values of the brane tension, or
otherwise, additional branes of correlated tensions are
needed [8–12], so that some kind fine-tuning cannot be
avoided [13]. We bypass this constraint by adopting a
non-compact transverse 2D space of finite volume innse. 
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posed in the past [14–20] and it is known that their
non-compactness creates problems, the most danger-
ous of which are connected with conservation laws
(like energy, charge, etc.). These problems however,
may be avoided by appropriate boundary conditions
and non-compact spaces of finite volume can be phys-
ically acceptable.
Here we employ as internal 2D space a finite-
volume cone. It may soak up all vacuum energies pro-
duced by fields confined in the three-brane at its apex
as long as the bulk cosmological constant is zero. We
should stress that the cosmological constant we are re-
fer to is connected to the pure Standard Model (SM)
sector (SM vacuum energy ∼ Λ4, for a cutoff Λ).
We are ignoring quantum gravity contributions (due to
graviton loops in Feynman diagrams), which although
non-zero, are suppressed by inverse powers 1/M2∗ of
the bulk Planck mass M∗. We also mention that the
three-brane preserves half of the bulk supersymme-
tries.
To make the discussion concrete, let us consider
a three-brane in a 6D spacetime with coordinates
(xµ, ym), µ,ν = 0, . . . ,3, m,n = 1,2. The 6D Ein-
stein equations are
(1)
RMN − 12gMNR =
1
M4∗
TMN, M,N = 0, . . . ,5,
where M∗ is the 6D Planck mass and the energy–
momentum tensor on the right-hand side of Eq. (1) for
the three-brane configuration is given by
(2)Tµν = −ρgµν, Tmn = 0.
In particular, if the brane is localized at ym = 0 in the
transverse space, its energy density is of the form ρ =
ρ0δ(2)(y). Einstein equations (1) can also be written in
the form
(3)RMN = 1
M4∗
(
TMN − 14gMNT
)
,
where T = TMNgMN is the trace of the energy–
momentum tensor and using Eq. (2), we find that
(4)Rµν = 0, Rmn = 1
M4∗
ρgmn.
As a result, a three-brane in a 6D bulk spacetime is
flat irrespectively of any vacuum energy produced byphase transitions, supersymmetry breaking or quan-
tum effects on the three-brane world-volume. All
these effects can only be seen on the transverse two-
dimensional space, and will be absorbed into the cur-
vature of the two-dimensional geometry. It should be
noted that this discussion is not restricted to three-
branes but it is rather general and one may easily show
that the world-volume of a codimension 2 brane is
always Ricci-flat. This simple observation, that the
flatness of a three-brane in a 6D bulk spacetime is au-
tomatic and independent of any vacuum energy on the
brane is our proposal for the vanishing of the cosmo-
logical constant in four dimensions. However, there is
an obstruction. Namely, the transverse space should
be as usual a compact two-dimensional surface since
the conventional four-dimensional physics should be
recovered for length scales larger that the characteris-
tic length (radius) of the compact surface. In this case
then, taking the trace of Eq. (4) and integrating it over
the transverse 2D compact space we get
(5)4πχ = 2 ρ0
M4∗
,
where χ is the Euler number. For a compact space, χ
should be 2−2g where g = 0,1, . . . is the genus of the
2D surface. As as result, compactness of the 2D space
spoils our attempt, since (5) is not valid for any value
of ρ0 but rather for some special value. Alternatively,
putting a three-brane at some point with some arbi-
trary ρ0, there should be conical singularities some-
where, produced by other three-branes of fine-tuned
tension such that Eq. (5) is satisfied. Definitely this is
not a solution to the cosmological constant problem as
special values of the brane tension or fine-tunings are
required. A simple way out of this is to assume a non-
compact transverse space as for example surfaces with
some points removed. In this case, the condition (5) is
relaxed to
(6)2 − 2g +
n∑
i=1
(
δi
2π
− 2
)
= ρ0
2πM4∗
for n points removed of deficit angle δi each, from
the genus g surface. For a sphere for example and one
point removed, we have actually that ρ0 = M4∗δ.
Adopting the proposal of a non-compact internal
space, we are facing a new problem. A smooth non-
compact space has infinite volume so that the four-
dimensional Planck mass M2P = M4∗V will be infinite.
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ally six-dimensional and not four-dimensional as we
would like. The solution here is to assume that the non-
compact surface has finite volume. In this case we ex-
pect singularities and several pathologies like continu-
ous spectra, violation of conservation laws for energy,
momentum, angular momentum, etc., caused by pos-
sible leakage from the singular points. Thus, in order
our proposal to be viable, all these pathologies should
be avoided. Then, the three-brane will be always flat
for any value of its tension neutralizing this way any
four-dimensional cosmological constant, at least the
one which is connected to vacuum energies. We will
present below such a solution based on the tear-drop
solution of Gell-Mann and Zwiebach [16,17].
The set up of our proposal is the following. We
consider a three-brane with all SM (or its extensions)
degrees of freedom confined to it. The ambient space
is a six-dimensional bulk spacetime with no cosmolog-
ical constant. SM fields interact with the bulk through
gravitational interactions. There are also two scalars,
an axion b and a dilaton-like φ, which are combined
into the complex scalar τ = τ1 + iτ2 = b + ie−φ . The
latter parametrizes SL(2,R)/U(1) and it is coupled to
6D gravity in the presence of a three-brane. The action
is
S6 = 12
∫
d6x
√−gM4∗
(
R − 1
2
∂τ∂τ¯
τ 22
)
(7)+
∫
d2y
∫
d4x
√
gLSMδ(2)(y),
where LSM is the Lagrangian describing the SM
physics on the three-brane at y = 0. It should be
stressed that we do not couple the dilaton to the three-
brane. This is possible if the dilaton is part of a bulk
neutral hypermultiplet for example, and thus does not
couple at all to the SM fields, or it is fixed on the
brane, if couples, i.e., δSbrane/δφ = 0 has a solution
φ = const. We may take into account all SM quantum
corrections by integrating out SM degrees of freedom
and replace the brane action by the full 1PI effective
action Γ SMeff . The equations of motion are then
RMN = 14
∂Mτ∂N τ¯
τ 22
+ 1
4
∂Nτ∂Mτ¯
τ 22
(8)+ 1
M4∗
(
TMN − 14gMNT
)
,(9)∇2τ − 2∂Mτ∂
Mτ
τ¯ − τ = 0,
where TMN = 2δΓ SMeff /δgMNδ(y) is the brane energy–
momentum tensor. In the vacuum we have
Γ SMeff = −
∫
d4x
√
gVeff,
where Veff is the SM effective potential. As a result,
the brane energy–momentum is of the form Eq. (2)
with ρ = ρ0δ(2)(y) and ρ0 is the value of the effec-
tive potential at its extremal value, ρ0 = 〈Veff〉, i.e., the
cosmological constant. Assuming that
(10)ds26 = gµν dxµ dxν + gmn dym dyn,
and τ = τ (ym), Eq. (8) turns out to be
(11)Rµν = 0,
(12)
Rmn = 14
∂mτ∂nτ¯
τ 22
+ 1
4
∂nτ∂mτ¯
τ 22
+ 1
M4∗
ρ0δ
(2)(y)gmn.
Thus, the four-dimensional space is always flat in-
dependently of the three-brane tension. Writing the
transverse space metric in complex coordinates (z, z¯),
we have
(13)ds26 = ηµν dxµ dxν + e2A(z,z¯) dz dz¯,
and the scalar equation (9) turns out to be
(14)∂∂¯τ − 2∂τ ∂¯τ
τ − τ¯ = 0.
Eq. (14) is solved for holomorphic (antiholomorphic)
τ , τ = τ (z) (τ = τ (z¯)) and the second equation in (12)
is then written as
(15)−2∂∂¯A = 1
4
∂τ ∂¯τ¯
τ 22
+ ρ0
M4∗
δ(2)(z).
The solution to Eq. (15) is
(16)A = ln τ 1/22 −
1
2π
ρ0
M4∗
ln
|z|
|z0| + f (z)+ f¯ (z¯)
and the 2D metric turns out to be
(17)ds22 =
∣∣F(z)∣∣2
∣∣∣∣ zz0
∣∣∣∣
− ρ0
πM4∗
τ2(z, z¯) dz dz¯,
where F(z) = exp 2f (z). Note that, for any homolor-
phic τ = τ (z), there exists a corresponding 2D metric
(17) and we will assume that τ is regular at z = 0 ap-
proaching a constant, as nothing special for the scalars
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(18)τ = i R
b + izb
Rb − izb ,
which leads to the 2D metric
(19)ds22 =
∣∣∣∣ zz0
∣∣∣∣
− ρ0
πM4∗
(
1 −
∣∣∣∣ zR
∣∣∣∣
2b)
dzdz¯.
Eq. (18) is easily recognized as the conformal map-
ping of the upper-half plane to the disc of radius R in
the complex plane, whereas the Gell-Mann–Zwiebach
case corresponds to ρ0 = 0, b = 1. Clearly, there exist
a singularity at |z| = R and a deficit angle
(20)δ = 2πa, a = ρ0
2πM4∗
as we already know from Eq. (6). (For a metric like
|z−δ/2πdz|2 we may define ζ = z1−δ/2π such that the
metric is the conventional |dζ |2. However, as z under-
goes a 2π rotation around zero, ζ does not complete a
full circle but rather leaves a deficit δ.)
This space is definitely non-compact and its volume
is
V2 = 2π
∣∣∣∣z0R
∣∣∣∣
−2a
bR2
(1 − a)(1 + b − a),
(21)for a < 1, b > 0
which is finite as the condition a < 1 is easily satis-
fied for ρ0 = M4s with Ms < M∗, where Ms is the 4D
supersymmetry breaking scale.
There is a number of points we would like now to
discuss. These are consistency checks for the solution
we propose and include, conservation of energy, mo-
mentum, etc., Newton’s law on the three-brane, bulk
supersymmetry, nearby curved solutions and the 4D
effective description and the Weinberg’s theorem.
1. Conservation laws
It is clear that the symmetries of the background are
spacetime translations and rotations and U(1) rotation
along the longitudinal (brane) and transverse direc-
tions, respectively. These symmetries are connected
with conservations laws and in particular with energy,
momentum, angular-momentum and U(1) charge.
However, these quantities may not be conserved due
to the non-compactness of the transverse space sinceenergy or momentum, for example, may leak from the
boundary of the space. This situation is reminiscent
to open strings as the world-volume of the latter have
a boundary. In that case, Neumann boundary condi-
tions prevent momentum to flow off the ends of the
string. Here, we hope that there are similarly boundary
conditions that make the r = R boundary physically
acceptable. To examine this, let us consider a massless
scalar field Φ in the 6D spacetime which satisfied
(22)1√−g ∂M
(√−ggMN∂NΦ)= 0.
The spacetime metric around r = R is of the form
−1(d2 + dϕ2), where  = 1 − |z|/R and the solu-
tion to Eq. (22) are Airy functions. What we would
like to stress, is the existence of conserved quanti-
ties, like energy, momentum, angular momentum and
U(1) charge which are connected to the correspond-
ing Killing vectors ξ(a)µ = δaµ, ξ(ab)µ = xaδbµ −
xbδaµ and ξm = mnyn through the relation J (a)M =
T MNξaN where TMN is the energy–momentum tensor
of the massless scalar field Φ . The conservation of the
above quantities is expressed by ∇MJ (a)M = 0, which,
integrated over all spacetime demand the flux through
the singular boundary to vanish, i.e.,
(23)√−gJ (a)r∣∣
r=R = 0.
For momentum conservation for example, we get the
Newmann boundary condition
(24)∂Φ
∂r
∣∣∣∣
r=R
= 0,
which is enough to prevent not only momentum but
also energy, angular-momentum and U(1) charge to
flow off the boundary.
Turning to metric perturbations gMN = g¯MN +
hMN , where g¯MN is the background metric, it is
known that for any isometry group G generated by
the Killing vectors ξAM,A = 1, . . . ,dimG, there cor-
respond conserved charges [21]
(25)
QA = M4∗
∮
dSp
√−g¯(D¯BK0pNB −K0qNpD¯q)ξAN .
Here, p,q = 1,2, . . . ,5 parametrize a fixed-time hy-
persurface and
KMNKL = 1
4
(
g¯MLh¯NK − g¯MK h¯NL + g¯NK h¯ML
(26)− g¯NLh¯MK),
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ary integral (25) has two pieces, one from integrating
over the volume along the three-brane and the bound-
ary of the transverse space and one from integrating
over the volume of the transverse space and the bound-
ary along the brane directions. The second part is reg-
ular as the volume of the transverse space is finite.
We should examine only the first part, namely integra-
tion over the boundary of the transverse space which
is just an S1 parametrized with the angular variable ϕ.
To study energy conservation we should consider the
Killing vector ξM = δ0M , which generates time transla-
tions. The corresponding charge, the mass M , is
M = 2bM4∗|z0|2a
(27)
×
2π∫
0
dϕ
(
e+iϕDmK0z¯0m + e−iϕDmK0z0m
)
,
where  = 1 − |z|/R so that the boundary is now
at  = 0. This expression is exactly the same as in
[17] and the result is that the Neumann and Dirichlet
boundary conditions
(28)dhµν
dr
∣∣∣∣
r=R
= dhzz¯
dr
∣∣∣∣
r=R
= 0,
(29)hµz|r=R = hzz|r=R = hµz¯|r=R = hz¯z¯|r=R = 0
ensure not only the conservation of energy but the
conservation of momentum, angular-momentum and
U(1) charge as well.
2. KK modes
Another danger is that although the 4D Planck
mass is finite with a finite-volume internal space as
in our case, it may happen that the spectrum of KK
modes is continuous with no mass gap due to the
non-compactness of the internal space. Then grav-
ity may be 6D with gravitational interactions of the
form 1/r3 instead of the conventional 1/r behavior.
In our case it is relatively easy to see that the spec-
trum of scalar excitations in the internal space have
discrete spectrum. Indeed by writing the 4D graviton
hµν(x, z, z¯) = hµν(x)ψ(z, z¯), we find that the spec-
trum of the 4D graviton is related to the eigenvalue
problem −∇2ψ = M2ψ on the transverse 2D space.For the metric (37) and with z = reiϕ we get
− 1
r2a0
r2a−1
(1 − (r/R)2b)
(
∂2ψ
∂r2
+ ∂ψ
∂r
+ 1
r
∂2ψ
∂ϕ2
)
(30)= M2ψ.
Expanding ψ in Fourier modes,
ψ(r,ϕ) =
∞∑
n=0
ψn(r)e
inϕ,
the above equation can be solved exactly for b = 1−a.
The regular solution at r = 0 is
ψn(r) = C0rne− 12
Mra0
b
( r
2
R
)b
× 1F1
[
1
2
+ n
2b
− MR
bra0
4b
,1 + n
b
,
(31)Mr
a
0
b
(
r2
R
)b]
.
By imposing Neumann boundary conditions at r = R
we get the condition
(32)
1F1
[
3
2
+ n
2b
− MR
1−ara0
4b
,2 + n
b
,
MRbra0
b
]
= 0.
This equation can be solved graphically as shown in
Fig. 1 for n = 0,1,2,3. Clearly we have a discrete
spectrum with a massless mode ψ0 = C0 correspond-
ing to the 4D massless graviton. We thus have the con-
ventional 4D 1/r Newton law, while the KK modes
give rise to the Yukawa-type corrections of strength 2
and range ∼ 1/V 1/22 [22] with the well-known con-
straints on V2, the volume of the internal space [23].
Fig. 1. Graphical solution of Eq. (32) for n = 0,1,2,3. The masses
for the KK modes of the 4D graviton are at the intersections of the
graphics with the horizontal axis.
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The next issue we would like to address is super-
symmetry. This is a crucial point as we have assumed
that the bulk cosmological constant is zero and the
only proposal we have for achieving this is bulk su-
persymmetry. The context here is the chiral 6DN = 1
sypergravity. We recall that in 6D, the minimal chi-
ral N = 1 supersymmetry has vector, hyper, tensor
and gravity multiplets. We assume that the scalars
we are employing here belong to a neutral hyper.
The latter contains, besides τ , others scalar {σ } and
both (τ, σ ) = Φi , i = 1, . . . ,4, parametrize the quater-
nionic space Sp(n,2)Sp(n)×Sp(2)′ . Supersymmetry is preserved
for those backgrounds the gravitino ψAM , A = 1,2, and
hyperino ψa , a = 1,2, shifts
δψAM = ∂MA +
1
2
ωMIJ Γ
IJ A + ∂MΦiQABi B,
(33)δψa = ViaAAΓ M∂Mψi
have zero mode. We have defined QABi , V
aA
i as the
composite Sp(2)′ connection and the coset vielbeins,
respectively.
It is more convenient, and in order to directly com-
pare with the teardrop case, to use the complex scalar
Φ = (i + τ )/(1 + iτ ), employed in [16], which para-
metrize SU(1,1)/U(1). In the vacuum we assume that
all fields except gravity and Φ , are zero. In this case,
the supersymmetry condition for the vanishing of the
fermionic shifts takes the form
Γ M∂MΦ
A = 0,
(34)
(
∂M + 14ωMIJ Γ
IJ − i
2
QM
)
A = 0,
where, as usual, Γ IJ = [Γ I ,Γ J ]/2 and QM is the
composite U(1) connection
(35)QM = 12i
Φ∂MΦ¯ − Φ¯∂MΦ
1 −ΦΦ¯ .
It is not difficult to see that as long as the 4D super-
symmetry is unbroken, i.e., ρ0 = 0, the bulk is also
supersymmetric as there are zero modes to Eq. (34).
This is the teardrop case and it is known that it pre-
serves susy [16]. Indeed, defining A± as
Γz¯
A+ = 0, ΓzA− = 0,
and using Eqs. (18), (37) we easily verify that the
background preserve half of the supersymmetries (theone which are generated either by + or −) as the
composite gauge field QM exactly cancels the spin
connection [27].
When the 4D supersymmetry is broken, ρ0 	= 0,
there are no solutions to Eq. (34). In fact, there ex-
ists a solution + ∼ z¯−α0, which, however, is not
globally defined due to a phase acquired by + as
it goes around z = 0. This is a known effect, spaces
with deficit angle do not admit global Killing spinors
[24–28]. The only way to keep supersymmetry is to
make use of an Aharonov–Bohm phase which will
cancel the phase associated to the spin connection of
the conical space [26]. For this we need a U(1) vector
AM in the 6D theory which is coupled to the grav-
itino of charge g. This means that this U(1) can be
a subgroup of the Sp(2) R-symmetry of the N = 1
6D theory. Then, we should replace the derivative
acting on  with ∂M − igAM. The field strength
of AM should be zero since otherwise it would con-
tribute to the Einstein equations invalidating our so-
lution. The potential AM can be non-zero as the con-
ical space is non-simply connected and we may take
A = AM dxM = iβ/2(dz/z − dz¯/z¯). Clearly, A has
vanishing field-strength F = dA but it cannot gauged
away globally due to the conical structure. Then the
condition for supersymmetry is written as
∂z − ig(iβ) 12z = 0,
(36)∂z¯ + a
z¯
 − ig(−iβ) 1
2z¯
 = 0,
where a is given in Eq. (20). There is a solution for
β = a/2g, since in this case the Aharonov–Bohm
phase cancels the phase acquired by the Killing spinor
going around the apex of the cone at z = 0. Thus, in
this case supersymmetry is preserved even after brane
supersymmetry breaking. An interesting aspect is
that although bulk supersymmetry is partially broken,
there is no associated Nambu–Golstone fermions as
an infrared divergence renders the would-be Nambu–
Golstone fermions non-normalizable and thus, project
them out from the physical Hilbert space [25–27].
However, it is not obvious how you can keep hy-
pers neutral when the R-symmetry is gauged1 so the
1 I would like to thank S. Randjbar-Daemi for stretching out this
to me.
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Nevertheless, the necessary Aharonov–Bohm phase
may be provided by the composite U(1) connection
itself. This can be done in the context of the chiral
6D N = 1 or N = 2 supergravity. The latter can be
obtained by compactifying 10D type IIB theory on a
K3 surface. After an SU(1,1) transformation Φ →
(uΦ + v)/(v¯Φ + u¯) with uu¯− vv¯ = 1, QM undergoes
the U(1) transformation QM → QM + 12∂M ln u+vΦ¯u¯+v¯Φ .
By employing this observation, one may easily verify
that the solution
ds22 =
∣∣∣∣ zz0
∣∣∣∣
− ρ0
πM4∗
(
1 −
∣∣∣∣ zR
∣∣∣∣
ρ0
πM4∗
)
dzdz¯,
(37)Φ(z) = z−
ρ0
2πM4∗
indeed satisfies (34) for Γzz¯A = A and thus, it is su-
persymmetric. Note that Φ(z) is single valued up to an
SU(1,1) transformation (with u = exp(i ρ02M4∗ ), v = 0).
4. Nearby curved solutions
We have not examine yet the possibility of curved
4D “lognitudinal” brane metrics in Eq. (13). For ex-
ample, we might have looked for solutions of the form
(38)ds2 = e2B(z,z¯)gˆµν dxµ dxν + e2A(z,z¯) dz dz¯,
where gˆµν is a metric of de Sitter or anti-de Sitter
space of cosmological constant λ, i.e,
gˆµν =
(−1, e2λt , e2λt , e2λt), or,
(39)gˆµν =
(−e2λx3, e2λx3, e2λx3,1),
respectively. Although, we cannot prove in general
that there are no such solutions, we can show that flat
Minkowski three-branes are the only possibility for
some generic cases like holomorphic and rotational in-
variant, in the transverse 2D space, scalar τ .
It is easy to see that for a 4D metric of the form
(39), the scalar field equations can still be solved for
holomorphic τ = τ (z). From Einstein equations (12),
we then get B = 0, λ = 0 and, thus, there are no nearby
curved solutions to the holomorphic solution.
However, this does not exclude curved 4D metrics
for non-holomorphic scalar τ . For example, we mayconsider a 6D spacetime, which is maximally symmet-
ric in the 4D longitudinal brane directions and rota-
tional invariant in the transverse 2D space. The sym-
metry of such a spacetime is G × O(2), where G is
the Poincaré, the de Sitter or the anti-de Sitter group.
We will look for solutions of the form A = A(r),
B = B(r), τ = τ (r), where r2 = zz¯ such that, for r
close to zero
(40)τ = const + · · · , B = −a log r + · · ·
as τ is not coupled to the three-brane and, thus nothing
special is experienced by τ at r = 0. It can be then
verified that the Einstein equations (12) leads to the
following behavior of the A
(41)A(r) = const + · · · , λ = 0.
As a result, regularity of τ at r = 0, determines the
symmetry of the metric to be Poincaré×O(2) and
there are no nearby curved solutions for this case ei-
ther.
5. Effective 4D description and Weinberg no-go
theorem
An important aspect is the effective 4D theory as it
is experienced by a 4D observer on the three-brane. It
can be obtained by integrating out all bulk degrees of
freedom. For this, we compactify the 6D theory as de-
scribed by the action Eq. (7), on the internal 2D space
with metric (37). The 6D metric may then be written
as
ds2 = gMN dxM dxN
(42)= eΦgµν
(
xµ
)
dxµ dxν + e−Φhij dxi dxj ,
where
(43)hij dxi dxj =
∣∣∣∣ zz0
∣∣∣∣
− ρ0
πM4∗
(
1 −
∣∣∣∣ zR
∣∣∣∣
2b)
dzdz¯
is the metric of the internal 2D space and its vol-
ume has been promoted to a 4D scalar Φ = Φ(xµ).
Thus, we are expecting in the 4D effective action a
graviton gµν and a scalar Φ , whereas the graviphoton
Aµ = gµϕ , corresponding to the U(1) symmetry of the
internal space z → eiψz has been omitted as it is not
important for the following. A more complete discus-
sion for the 4D spectrum can be found in [17]. Using
140 A. Kehagias / Physics Letters B 600 (2004) 133–141(42) in Eq. (7), the 4D effective action turns out to be
Seff =
∫
d4x
√−g
(
M2P
(
1
2
R(g) − 1
2
∂µΦ∂
µΦ
)
(44)+ e2Φc + e2ΦLSM
)
,
where
(45)c = 1
2
∫
d2x
√
hM4∗
(
R(h) − 1
2
hij ∂iτ∂j τ¯
τ 22
)
.
The 4D Planck mass MP is finite and given by
M2P = M4∗
∫
d2x
√
h
(46)= 2πM4∗
∣∣∣∣z0R
∣∣∣∣
−2a
bR2
(1 − a)(1 + b − a)
and LSM = LSM(eΦg,H) is the SM action, where by
H we denote collectively all SM fields. Integrating out
all SM degrees of freedom and replacing LSM by the
full 1PI effective action Γeff, we have in the vacuum
Seff =
∫
d4x
√−gM2P
(47)×
(
1
2
R(g) − 1
2
∂µΦ∂
µΦ + e2ΦC
)
,
where
(48)C = 1
M2P
(
c − 〈Veff〉
)
.
Finding flat space solution amounts to minimize the
4D effective action (47) for constant metric and scalar
gµν = ηµν , Φ− = Φ0. In this case we have
(49)Seff =
∫
d4x
√−gMPCe2Φ0
and we are facing Weinberg theorem: GL(4) invari-
ance determines the form of (49) and fine-tuning is
needed to arrange C = 0 in order to satisfy the field
equations. This is indeed true in a pure 4D setup. Here,
however, the value of C is determined dynamically as
it is related to the background bulk equations. A close
insection of Eq. (12), gives then that
(50)
∫
d2x
√
h
(
R − 1
2
hij ∂iτ∂j τ¯
τ 22
)∣∣∣∣
vac.
= 2M4∗ρ0.Recalling that ρ0 = 〈Veff〉 and using Eqs. (45), (48) we
get immediately that
(51)C = 0.
Thus, for the 4D observer at the three-brane, the 4D
cosmological constant is always zero. As we have only
use equations of motions, no fine-tuning required for
this result. Weinberg theorem is valid and the value of
the effective action is proportional to the volume ele-
ment. Just it happens the proportionality factor to be
zero, not because of fine-tuning, but rather due to bulk
dynamics, which forces the 4D cosmological constant
to be zero as a result of an exact cancellation of the
brane tension by the transverse curvature. This can
also be verified by calculating the effective vacuum
energy density ρeff. The later is given by
(52)ρeff = ρ0 − 12
∫
d2z e2AM4∗
(
R − 1
2
∂τ ∂¯τ¯
τ 22
)
and one easily finds that ρeff = 0.
We have presented above a partial solution to the
cosmological constant problem based on a 6D setup.
In particular, we have shown that a three-brane floating
in a six-dimensional bulk is always flat independently
of its tension. Of course this is not enough as there is a
number of constraints that should be satisfied, such as
the finite value of the 4D Planck scale, the vanishing of
the bulk cosmological constant, etc. We have discuss
all these constraints in the case of a finite-volume and
non-compact internal space like the tear-drop with a
cone singularity. It seems that the solution we propose
is consistent with conservation laws, KK spectrum, su-
persymmetry, nearby curved configurations as well as
with Weinberg theorem. We should stress that there are
no fine-tunings involved in the present setup. The cone
is adjusted itself for any value of the cosmological
constant such that the biggest the cosmological con-
stant, the sharpest the apex of the cone and the largest
the volume of the tear-drop. In a sense, the cone acts
as a drain, depleting vacuum energy from the brane to
the tear-drop increasing its volume.
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